Objectives: To measure digit ratios in male and female medical students and compare their relationship with myopia. Study Design: crosssectional study. Place and duration of study: February to September 2016, at Foundation University Medical College. Materials and methodology: Convenient sampling technique was used and 150 students filled a structured questionnaire after giving written informed consent. Students with past history of eye surgery or trauma were excluded. Prescriptions of students were noted for the myopia, and digit lengths measured on a computer via Adobe Photoshop after taking photographs of both hands on scanner and analysed using SPSS version 21. Results: A total of 141 completed questionnaires revealed that 90 students were myopic (63.8 %), of which 39 were males (27.7%) and 51 females (36.2%). Myopic males had larger digit ratios (Right, left and mean) as compared to non-myopic males, whereas myopic females had lower digit ratios as compared to non-myopic females. However a 2 tailed t-test showed significance between right hand digit ratio of male myopes and non-myopes only. Females showed no significance. Pearson's correlation showed positive correlation of digit ratios and refractive errors in males but negative in females, however it was not significant. Conclusion: Myopia was prevalent in majority of student sample. There were significant differences between the digit ratios of males and females,
Introduction
Myopia is an eye disorder in which the eyes focus images in front of the retina, resulting in reduced visual acuity. In myopia, the axial length of the eyeball is too long or the shape of the lens and cornea is abnormal, according to PubMed Health. Myopia is a refractive error that is one of the major causes of blindness (Bourne et al., 2013) and has many complications including increased susceptibility to the formation of cataracts, glaucoma, myopic macular degeneration, choroidal neovascularization, and retinal detachment ( Saw et al., 2005) . In addition to the ocular abnormalities, the economic burden of myopia is also high with a mean cost of USD $709 per person per year in adults (Zheng et al., 2013) . Early diagnosis of pathological myopia is crucial.
According to the Global data on visual impairments (2010) by WHO, there are about 285 million people visually impaired, 39 million of them are blind and 246 million have low vision (<6/18 >/ 3/60).According to a study in Taiwan myopic macular degeneration was among the leading causes of blindness reaching 12.5% in the Shihpai Eye Study (Hasu et al., 2004) .
In India, prevalence of myopia in people aged 40 and above was reported to be 34.6%,and in Bangladesh it was reported to be 23.8% over the age of 30 years with myopia defined as at least -0.5 D (Pan, Ramamuthi and Saw, 2012) . In Pakistan, the prevalence of myopia is about 36.5 % which is higher when compared to the western countries (Castano et al., Suzuki et al., 2001 ).
Steroid receptors have been found in ocular tissues and are thought to be responsible for growth and development of the eyeball. Generally, there is a high prevalence and severity of myopia in females ( Gong et al., 2015) . Gong especially in those with increased levels of testosterone. Moreover, estrogen has been shown to influence some properties of the cornea (Zubaty and Pillunat, 2017) including corneal thickness that varies with menstrual cycles (Guifrre et al., 2007) and corneal curvature that changes in pregnancy.
Digit ratio is the ratio of the 2nd to the 4th finger length. It is sexually dimorphic, and is determined at the 14th week of gestation by pre-natal testosterone levels, from the 8th week to mid gestation (Honkopet et al, 2007) . There are steroid receptors present in the phalanges, with more androgen receptors (AR) on the 4 th digit, compared to the 2 nd digit (Zheng and Cohn, 2011) , which may explain the basis of the sexual dimorphism in digit ratios, related to the relative levels of androgens and estrogens; Testosterone upregulates genes responsible for chondrocyte proliferation, and hence the 4 th digit length increases, resulting in decreased digit ratio, whereas estrogens have the opposite effect, decreasing chondrocyte proliferation on the 4 th digit. Differentiation of gonads, fingers and toes has also been shown to be under the control of HOX genes (Manning, Callowand and Bundered, 2011) ; HOX may influence digit length as well as gonadal testosterone too, which may independently influence digit lengths.HOX genes have also been shown to be regulated by hormones, including sex steroids (Daftary and Taylor, 2006) . Since digit ratio is sexually dimorphic it can be argued that digit ratio can be related to other dimorphic traits as was done by Manning et al (2002) .
Previously, a study on the gender difference of digit ratio in the local population has been done in Pakistan (Hussain, Khan and Ali, 2002), but not of its correlation with myopia. Also the finger lengths were measured manually, however it has been shown that computer assisted measurements are superior (Allaway et al. 2009 ).
The purpose of this study is to determine the prevalence of myopia in study population and to find a relation between myopia and digit ratio, as researchers are still keen to see if there exists one. This study has been done only once i.e. the Chennai study in 2014 20 , to the best of our knowledge and a negative association between digit ratio and myopia was found. The association can be used to screen young children for digit ratios and hence their susceptibility to myopia, and high risk population could be advised regular ophthalmological visits. This research will add to the body of knowledge and pave pathways for such studies in the future in an effort to prevent blindness due to myopia, by early detection of high risk cases, and hence early treatment.
Materials and Methods
This cross-sectional study was conducted at Foundation University Medical College DHA-1, Islamabad, from February to September 2016.Convenient sampling technique was used and a total of 150 male and female students participated in the study.Myopia was taken as a refractive error of at least -0.5 D. Students with a past history of eye surgery or trauma to the eye were not included.
The data was collected by using a pretested structured questionnaire filled by all the respondents after taking written informed consent. Prescriptions of the students were noted and the means of both eyes were taken, and written on the questionnaires. Digit ratios were obtained by first using a scanner to scan a 30 cm scale at 300 dpi resolution. The image was then imported to adobe Photoshop. Next, the number of pixels within 30 cm of the scale was measured using the ruler tool. With the ruler tool calibrated, finger lengths were measured from the bottom crease to the top of the finger. Changing contrast in blurred images revealed the finger margins and crease. Digit ratio was calculated as 2D:4D (Index finger: Ring finger) ratio. Complete data of 141 students, 72 females and 69 males,was entered in computer and SPSS version 21 was used for analysis.
Results
The study population included medical students, aged 18 to 25 years, with a mean age of 21.25 years. Among them,123 students were urban residents and 18 were from rural areas. Students from classes First through Final year MBBS participated in the study, 69 being males and 72 females.
Out of a total of 141 students, 90 were myopes (63.8 %) of which 39 were males (27.7%) and 51 were females (36.2%). Non-myopes were 51 (36.2 %) of which 30 were males (21.3 %) and 21 were females (14.9 %).
Right hand 2 nd digit length (R2D) was found to be (Males: 7.57 +/-0.50 cm and Females: 6.94 +/-0.41 cm). Right hand 4 th digit length (R4D) was found to be (Males: 7.85 +/-0.53 cm and Females: 7.08 +/-0.47 cm). Myopic males were found to have higher digit ratios (Right, left and mean) as compared to non-myopic males whereas myopic females had lower digit ratios (Right, left and mean) as compared to non-myopic females. However a 2 tailed t-test showed significance between right hand digit ratio of male myopes and non-myopes only. Females showed no significance.
Finally, Pearson's correlation was used to find association of digit ratios with refractive errors. The result showed positive correlation in males but negative in females, however it was not significant(at p-value < 0.05).
Discussion
The prevalence of myopia in our study was 63.8%, which was more in females (Males: 56.5% and Females: 70.8% ).In the Chennai study (Krishnakumar, 2014) , prevalence of myopia came out to be 54% (Males: 54.3% and Females: 53.7% by gender).A Turkish study reported a prevalence of 32.9% among medical students, with myopia defined as spherical equivalent of at least -0.75D (Onal et al, 2007) . However, our study took myopia as at least -0.5D, so that could account for the difference with respect to the Turkish study. Also, in both studies there was almost no gender wise difference in the prevalence, contrary to our study. Prevalence of myopia in our study was significantly higher than the reported crude prevalence of myopia from the national blindness and visual impairment survey published in 2006 (36.5%) done on 16,507 adults aged over 30 years age .This could be due to the more advanced education of medical students compared to the general population, which has been linked to myopia. However unlike the Chennai study, the refractive errors in this study were taken from means of the prescription presented at the time of study.
In our study, it was evident that males had a lower digit ratio compared to females, a finding which has been approved by previous studies.Digit ratios were lower in myopic females than non-myopic females, whereas myopic males had a larger ratio than non-myopic males. However, only right hand ratio of male myopes and non-myopes showed a significant difference at p < 0.05. The Chennai study, reported digit ratios being lower in myopes than non-myopes of both genders, and no difference in the digit ratios of males and females, unlike our study.
A local study done previously in Islamabad and Rawalpindi, measured digit ratios by calipers, but not by software assisted measurements as done in this study. In that study, the data was collected for 50 males and 50 females and showed significant differences in digit ratios between males and females at p<0.01.Our study on the other hand showed right hand ratio difference at p< 0.05,and left hand and mean ratio difference at p<0.01.
Steroid receptors are known to be present in ocular tissues and affect corneal thickness as well as scleral remodeling. This is evident from corneal thickness changes during menstrual cycles of females 16 and during pregnancy 17 . Also, myopia progression is seen to increase around puberty. Females generally have faster myopia progression and prevalence, and especially those having relatively higher testosterone levels. There is also evidence linking myopia and a higher IQ level, adjusted for time spent reading (Verma and Verma, 2015) . Testosterone has been related to brain lateralization with increased development of right brain, hence better spatial and mathematical ability. Digit ratio has also been shown to be negatively related to brain lateralization (Kalmady, 2013) . Hence it stands to reason that a common factor like testosterone could influence eyeball and brain development and digit ratio.
Lastly, Pearson's correlation was used to find any association between myopia and digit ratio and it showed a negative association of myopia and digit ratio for females only, however the result was not significant. Males showed a positive correlation which was not significant as well. Nevertheless, this conflicting correlation among males and females could be because of differences in polymorphisms of steroidogenesis enzymes and different gene activity in response to steroids among males and females. Whereas the Chennai study applied Spearman's correlation, and found significant differences in females only (P<0.01).
Conclusion
The study concluded that prevalence of myopia was high among medical college students. There were significant differences between the digit ratios of males and females, and right hand digit ratios of males were significantly higher in myopes compared to non myopes. Study should be extended on a larger sample size with probability sampling in order to generate a data base to help future researchers.
Statement of Novelty
The gender difference of digit ratios has been highlighted and researched in various countries of the world but extensive literature survey indicates no significant study conducted in Pakistan comparing the relationship of myopia and digit ratio. The study fills an identified gap in the body of knowledge and proves to be a contribution to the domain of public health.
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